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© Spherical toner particle. 



© A toner composition is particles substantially in 
the spherical form and comprises a binder resin and 
carbon black having a' number-average particle size 
of 20 to 500 millimicrons and a standard deviation of 
particle size distribution of 70 millimicrons or small- 
er. 
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SPHERICAL TONER PARTICLE 



The present invention relates to a toner for 
developing an electrostatically charged image in 
electrophotography, electrostatic recording or elec- 
trostatic printing. 

Up to this time, an electrostatically charged 
image formed on a recording medium in elec- 
trophotography, electrostatic recording or electro- 
static printing has been developed by two main 
methods, Le. f a wet developing method using a 
developer comprising a fine dispersion of various 
pigments or dyes in an insulating liquid or a dry 
developing method using a finely powdered devel- 
oper which is a so-called toner and prepared by 
dispersing a coloring material in a natural or syn- 
thetic resin. Examples of the latter method include 
cascade method, manual brushing, magnetic 
brushing, impression method and powder cloud 
method. The present invention relates to a toner 
suitable for this dry developing method. 

Up to this time, a toner for developing an 
electrostatically charged image has been prepared 
by dispersing a coloring material in a soft polymer 
by melting and kneading and grinding the obtained 
polymer containing the coloring material dispersed 
therein. However, the powder obtained by this pro- 
cess has a very wide particle size distribution, so 
that the powder must be classified prior to the 
practical use as a toner. Thus, the process itself is 
disadvantageous in complexity and cost 

Further, the toner prepared by the above pro- 
cess Involving a grinding step has edges and small 
cracks. Therefore, the toner is poor in fluidity and 
when it is stirred in a developing device, these 
edges and small cracks are broken to generate 
dust which causes lowering in the quality of an 
image, or scumming, thus shortening the life of the 
image. 

On the other hand, several polymerization pro- 
cesses for directly preparing a colored polymer 
particle not involving any grinding step have been 
proposed in, for example, Japanese Patent Publica- 
tion Nos. 10231/1961, 51830/1972 and 14895/1976 
and Japanese Patent Laid-open Nos. 17735/1978, 
17736/1978 and 17737/1978. 

These processes comprise suspending an oily 
phase containing a monomer, a polymerization in- 
itiator and a coloring material in an aqueous me- 
dium and polymerizing the obtained suspension to 
directly obtain a toner and relate to so-called sus- 
pension polymerization. 

These processes have advantages in that the 
obtained toner is spherical and excellent in fluidity 
and that the preparation process itself is simple 
and the cost is low. 



However, the toner prepared by these pro- 
cesses is disadvantageous in view of the electro- 
static changeability and durability of electrostatic 
charge even at the normal temperature and at the 
5 normal humidity and provides no good image. 

The inventors of the present invention have 
studied on the reason for the above disadvantages 
and, as a result of the study, the reason is es- 
timated as follows: since carbon black which has 
to been uniformly dispersed among monomers at the 
initiation of the suspension polymerization agglom- 
erates again by the interaction during the poly- 
merization to give a toner particle exhibiting an 
ununiform electrostatic changeability. Therefore, it 
75 is disadvantageous that such a toner does not 
provide an even image. 

The inventors of the present invention have 
extensively investigated to overcome the above 
disadvantages and have found that the disadvan- 
20 tages can be overcome by employing a spherical 
toner particle characterized in that carbon black 
dispersed in the toner particle has a number-aver- 
age particle size within a specified range and a 
standard deviation of particle size distribution not 
25 exceeding a specified value. The present invention 
has been accomplished on the basis of this finding. 

A toner composition of the invention is particles 
substantially in the spherical form and comprises a 
binder resin and carbon black having a number- 
30 average particle size of 20 to 500 millimicrons and 
a standard deviation of particle size distribution of 
70 millimicrons or smaller. 

It is produced by dispersing carbon black, a 
polymerization initiator, a charge controller and a 
35 hydrophobic dispersant in a monomer having a 
polymerizable unsaturation to obtain the oily phase, 
adding the resulting oily phase into water contain- 
ing a dispersion stabilizer to obtain a dispersion, 
agitating the dispersion with so high a rate as to 
40 have very fine particles of the oil phase, poly- 
merizing the dispersion and recovering the ob- 
tained toner particles. It is preferable that the oil 
phase further contains a thickening agent 

The hydrophobic dispersant includes, for ex- 
45 ample, an inorganic dispersant such as calcium 
silicate, silicon carbide and magnesium silicate and 
an organic dispersant such as an alkenyi succinic 
imide, polyethylene*! mine and a derivative thereof. 
The thickening agent includes, for example, 
so aluminum dialkyl phosphate, aluminum stearate. 
12-hydroxy-stearic acid and dibenzylidene sorbitol 
and then other conventional thickening agent and a 
conventional gelation agent The polymer being 
soluble in the monomer may be used. It serves to 
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prevent carbon black from moving and agglomer- 
ate one to another during the polymerization step. 
It is preferable to be free of trouble due to electric 
charging. 

The term "spherical toner" used in this speci- 
fication refers not only to the one of a genuine 
sphere but also to the one of a distorted sphere 
such as cocoon-like shape. That is to say, trie 
spherical toner according to the present invention 
may have edges or undulations microscopically as 
far as it has not any edge on its surface macro- 
scopically. 

The dispersion properties of the carbon black 
present in a toner (and on the surface thereof) are 
determined as follows: 

Toner particles are added to an epoxy resin. 
The resulting resin is cut into thin films each having 
a thickness of several hundreds of A. The thin film 
is photographed with an electron microscope of 
transmission type. The obtained photograph is ana- 
lyzed for the state (dispersiblity, agglomeration, 
number of particles and the like) of carbon black 
with an image analyzer. Based on the size and 
number of carbon black particles present in the 
toner particle which have been determined by ana- 
lyzing the photograph with an image analyzer, the 
standard deviation (o) of particle size distribution of 
carbon black present in the toner particle is cal- 
culated according to the following equation: 

° = |j 1 ,D AO- D i» 2/1 ' 

wherein D AU ; number-average particle size 
Dj ; size of the i-th particle 
N ; number of particles 

The spherical toner according to the present 
invention can be prepared by suspension poly- 
merization. An oily dispersion obtained by dispers- 
ing a polymerization initiator, a charge controller, 
carbon black and the above shown additive(s) in 
a; ^-unsaturated monomer is added to an aqueous 
medium obtained by homogeneously dissolving a 
water-soluble polymer or dispersing a suspension 
stabilizer such as an inorganic salt which is dif- 
ficultly water-soluble in water. The resulting mixture 
is homogenized with a homomixer or homogenizer 
to form an oily disperse phase of 5 to 30 urn. The 
weight ratio of the oily phase to the aqueous phase 
is between 1 : 2 and 1:10 and is so selected as 
not to cause cohesion of particles during the poly- 
merization. The homogeneous O/W dispersion thus 
prepared is transferred to a separable flask fitted 
with a stirrer, a condenser, a thermometer and a 



nitrogen gas inlet tube and heated to a temperature 
(50 to 90° C), at which the polymerization initiator 
can be decomposed, in a nitrogen atmosphere to 
carry out the polymerization. 

5 After the completion of the polymerization, the 
polymerization mixture is filtered to remove the 
aqueous phase. When inorganic powder adheres to 
the surface of a product, the product is treated with 
a dilute acid to remove the powder. The resulting 

jo product is washed with water and dried by spray 
drying, vacuum drying or the like to obtain an 
objective toner. 

The o,/8-unsaturated monomer to be used in 
the present invention may be any one. Examples 

15 thereof include styrene, p-chlorostyrene, p-methyl- 
styrene, vinyl acetate, vinyl propionate, vinyl ben- 
zoate, methyl acrylate, ethyl acrylate, n-butyl ac- 
rylate, iso-butyl acrylate. 2-ethylhexyl acrylate, 
lauryl acrylate, n-octyl acrylate, methyl 

20 methacrylate, ethyl methacrylate, n-butyl 
methacrylate, iso-butyl methacrylate, lauryl 
methacrylate, diethylaminoethyl methacrylate, t- 
butylaminomethyl mathacrylate, acrylonitrile. 2- 
vinylpyridine and 4 vinylpyridine. These monomers 

25 may be used alone or as a mixture of two or more 
of them. 

According to the present invention, a polyfunc- 
tions! monomer may be used as a crosslinking 
agent in addition to the above monomer to thereby 

30 further, enhance the endurance of a toner. The 
amount of the polyfunctional monomer used may 
be 0.05 to~20 % by weight, preferably 0.5 to 5 % 
by weight based on the monomer. 

The polymerization initiator to be used in the 

35 present invention may be an ordinary oil-soluble 
peroxide or azo initiator. Examples thereof include 
benzoyl peroxide, lauroyl peroxide, 2,2'- 
azobisisobutyronitrile, 2,2-azobis(2,4 dimethyl- 
valeronitrile), o-chlorobenzoyl peroxide and o- 

40 methoxybenzoyl peroxide. The polymerization in- 
itiator may be used in an amount of 0.1 to 10 % by 
weight, preferably 0.5 to 5 % by weight based on 
the monomer. 

Examples of the suspension stabilizer to be 

45 used in the present invetion include water-soluble 
polymers such as gelatin, starch, hydroxyethylcel- 
lulose, carboxymethylcellulose, polyvinylpyr- 
rolidone, polyvinyl alkyl ether and polyvinyl alcohol 
and inorganic satts which are difficultly soluble in 

so water such as barium sulfate, calcium sulfate, bari- 
um carbonate, calcium carbonate, magnecium car- 
bonate and calcium phosphate. The suspension 
stabilizer may be used in an amount of 0.1 to 5 % 
by weight, preferably 0.5 to 2 % by weight based 

55 on the water. 
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The toner according to the present invention 
may further contain a !ow-motecu!ar weight olefin 
polymer which is known as a so-called parting 
agent with the purpose of the inhibition of offset 
and the improvement in fludity and fixability. 

It is preferable that this low-molecular weight 
olefin polymer is present in the polymerization sys- 
tem together with a coloring material. 

Examples of the low-molecular weight olefin 
polymer to be used in the toner of the present 
invention include polyethylene, polypropylene, 
ethylene-vinyl acetate copolymer, chlorinated poly- 
ethylene wax, polyamide, polyester, potyurethane, 
polyvinyl butyral, butadiene rubbers r phenolic res- 
ins, epoxy resins, rosin-modified resins, silicone oil 
and silicone wax. 

The toner obtained in the present invention 
preferably has a softening point of 106 to 160°C 
and a glass transition temperature of 50 to 80 °C. If 
the softening point is lower than 106°C, no suffi- 
cient non-offset range will be attained, while if the 
point exceeds 160°C, the minimum fixing tempera- 
ture will be too high and other unfavorable phe- 
nomena will occur. On the other hand, if the glass 
transition temperature is lower than 50°C, the re- 
sulting toner will be poor in storage stability, while 
if it exceeds 80°C, the fixability will be unfavorabfy 
lowered. 

Although the carbon black to be used in the 
present invention is not particularly limited and 
may be any commercially available one, it is pref- 
erable to use a hydrophobic carbon black having a 
fow-oil absorbing power, because the use of such 
carbon black enables the easy preparation of the 
toner of the present invention. 

Carbon black is generally present in a toner 
particle as a secondary agglomerate rather than in 
a monodisperse state. According to the present 
invention, the carbon black dispersed in the toner 
must have a number-average particle size of 20 to 
500 my., preferably 20 to 100 mu. Further, the 
dispersion properties of carbon black particle are 
generally evaluated by the standard deviation 
thereof. According to the present invention wherein 
the number-average particle size is 20 to 500 ma, 
the standard deviation must be not more than 70 
mm, preferably not more than 50 mix, more prefer- 
ably 30 ma. A spherical toner particle having such 
dispersion properties is provided by the invention 
for the first time. 

As described above, the toner of the prior art 
obtained by grinding has disadvantages in that it is 
poor in fluidity and that the breakage of the toner 
proceeds in service to cause scumming or lowering 
in the quality of the resulting image, thus shor- 
tening the life of the developer. On the other hand, 
although the spherical toners proposed in the 
above Japanese Patent Publication and Laid-Open 



are free from the above disadvantages, they exhibit 
unstable changing characteristics, so that the 
charge thereof varies in prolonged service. Further, 
the image formed by using them exhibits quality 
5 and reproducibility of halftone dots inferior to those 
of the image formed by using the toner prepared 
by grinding. 

Since the spherical toner according to the 
present invention exhibits excellent charge stability 

70 and fluidity and is not broken in service, no dust 
generates and therefore neither scumming nor 
lowering in the quality of the image occurs. Such a 
toner particle is now provided by the present inven- 
tion for the first time. 

75 The present invention will be described in 
more detail by the following Examples, though it is 
not limited to them. In the Examples, ail parts are 
by weight 

20 

Example 1 

85 parts of styrene, 15 parts of lauryl 
methacrylate (LMA), 2 parts of a charge controller 

25 (TRH, a product of Hodogaya Chemical Co.. Ltd.), 
0.5 parts of aluminum stearate, 8 parts of carbon 
black (Printex 150T; a product of DEGUSSA) and 3 
parts of polyethylene- wax (a product of Mitsui 
Petrochemical Industries, Ltd. ; 210 P) were mixed 

30 to obtain a mixture. 

500 parts of water and 1 part of polyvinyl 
alcohol were added to 100 parts of the mixture. 
The obtained mixture was homogenized by stirring 
at a high rate of 10,000 rpm with a homomixer (a 

35 product of Tokushu Kakoki Co., Ltd. ; TK) to obtain 
a fine dispersion. This dispersion was transferred to 
a separable flask fitted with stirring blades to carry 
out the suspension polymerization at 60°C for 9 
hours. The polymerization mixture was washed with 

40 hot water ot 50 °C and dried to obtain a toner. 

0.5 g of the toner was homogeneously dis- 
persed in a liquid mixture comprising 9.3 ml of an 
epoxy resin (Epoc 812), 4.0 ml of dodecenylsuc- 
cinic anhydride (DDSA), 6.7 ml of methyl nadic 

45 anhydride (MNA) and 0.3 ml of tri- 
(dimethylaminomethyl)phenol (DMP-30). The ob- 
tained dispersion was allowed to stand at an or- 
dinary temperature for 2 days. 

The obtained toner-containing epoxy resin was 

so cut into thin films having a thickness of several 
hundreds of A with a microtome (a product of 
Nissei Sangyo Co., Ltd.; MT2-8). The thin film 
sample was subjected to electron microscopy with 
an electron microscope of transmission type (a 

55 product of JOEL, Ltd.). 
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The obtained electron microscope photograph 
was analyzed with an image analyzer (a product of 
Nippon Regulator Co., Ltd., : LUZEX-500) for the 
disperse state of carbon black in the crosssection 
of the toner. 

The carbon black dispersed in the toner had a 
number-average particle size of 88 mu and a stan- 
dard deviation of 18.1 ma. 

A developer was prepared by the use of the 
toner and a commmercially available ferrite carrier 
having a particle size distribution of 150/250 mesh 
at a toner/carrier ratio of 4/98 and applied to a 
duplicating machine (Ricoh FT 4G60). The obtained 
image was evaluated. 

A clear image free from fogging and scumming 
was obtained under an environmental condition of 
25 °C and 50 % humidity. 

Further, the printing using the above developer 
was repeated 20,000 times. Good images were 
obtained until the last without any change in the 
quantity of charge. 



The obtained electron microscope photograph 
was analyzed with an image analyzer (a product of 
Nippon Regulator, Co., Ltd.; LUZEX-500) for the 
disperse state of carbon black in the crosssection 

5 of the toner. 

The carbon black dispersed in the toner had a 
number-average particle size of 120 mu and a 
standard deviation of 27.5 mu. 

A developer was prepared by the use of the 

w toner and a commercially available ferrite carrier 
having a particle size distribution of 150/250 mesh 
at a toner/carrier ratio of 4/96 and applied to a 
duplicating machine (Ricoh FT 4080). The obtained 
image was evaluated. 

75 A clear image free from fogging and scumming 
was obtained under an environmental condition of 
25 °C and 50 % humidity. 

The printing using the above developer was 
repeated fifty thousand times. Good images were 

20 obtained until the last without any change in the 
quantity of charge. 



Example 2 

85 parts of styrene, t5 parts of LMA, 2 parts of 
a charge controller (a product of Hodogaya Chemi- 
cal Co., Ltd.; TRH), 8 parts of carbon black (a 
product of Mitsubishi Chemical Industries, Ltd.; 
#44), 0.5 part of silicon carbide and 3 parts of 
polyethylene wax (a product of Mitsui Petrochemi- 
cal Industries, Ltd.; 210 P) were mixed to obtain a 
mixture. 

500 parts of water and 1 part of polyvinyl 
alcohol were added to 100 parts of the mixture. 
The obtained mixture was homogenized by stirring 
at a high rate of 10,000 rpm with a homomixer (a 
product of Tokushu Kakoki Co., Ltd.; TK) to obtain 
a fine dispersion. This dispersion was transferred to 
a separable flask fitted with stirring blades to carry 
out the suspension polymerization at 60 °C for 9 
Hours. The polymerization mixture was washed with 
hot water of 50°C and dried to obtain an objective 
toner. 

0.5 g of the toner was homogeneously dis- 
persed in a liquid mixture comprising 9.3 ml of an 
epoxy resin (Epoc 812), 4.0 ml of DDSA, 6.7 ml of 
MNA and 0.3 ml of DMP-30. The obtained disper- 
sion was allowed to stand at an ordinary tempera- 
ture for two days. 

The obtained toner-containing epoxy resin was 
cut into thin films having a thickness of several 
hundreds of A with a microtome (a product of 
Nissei Sangyo Co., Ltd.; MT2-B). This thin film 
sample was subjected to electron microscopy with 
an electron microscope of transmission type (a 
product of JEOL, Ltd.). 



Example 3 

25 

85 parts of styrene, 15 parts of 2-ethylhexyl 
acrylate (2EHA), 2 parts of a charge controller (a 
product of Hodogaya Chemical Co., Ltd.; TRH), 8 
parts of carbon black (a product of DEGUSSA; 

30 Printex 150T), 5 parts of a copolymer of 85 parts of 
styrene and 15 parts of 2-ethylhexyl acrylate hav- 
ing a molecular weight of 100,000 as a thickening 
agent and 3 parts of polyethylene wax (a product 
of Mitsui Petrochemical industries, Ltd.; 21 OP) were 

35 mixed to obtain a mixture. 

500 parts of water and 1 part of polyvinyl 
alcohol were added to 100 parts of the mixture. 
The obtained mixture was homogenized by stirring 
at a high rate of 10,000 rpm with a homomixer (a 

40 product of Tokushu Kakoki Co., Ltd.; TK) to obtain 
a fine dispersion. This dispersion was transferred to 
a separable flask fitted with stirring blades to carry 
out the suspension polymerization at 60 °C for 9 
hours. The polymerization mixture was washed with 

45 hot water of 50 °C and dried to obtain an objective 
toner. 

0.5 g of the toner was homogeneously dis- 
persed in a liquid mixture comprising 9.3 mi of an 
epoxy resin (Epoc 812), 4.0 ml of DDSA, 6.7 ml of 
so MNA and 0.3 ml of DMP-30. The obtained disper- 
sion was allowed to stand at an ordinary tempera- 
ture for two days. 
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The obtained toner-containing epoxy resin was 
cut into thin films having a thickness of several 
hundreds of A with a microtome (a product of 
Nissei Sangyo Co., Ltd.; MT2-B). This thin film 
sample was subjected to electron microscopy with 
an electron microscope of transmission type (a 
product of JEOL, Ltd.) 

The obtained electron microscope photograph 
was analyzed with an image analyzer (a product of 
Nippon Regulator, Co., Ltd.; LUZEX-500) for the 
disperse state of carbon black in the crosssection 
of the toner. 

The carbon black dispersed in the toner had a 
number-average particle size of 144 mu. and a 
standard deviation of 48.1 mu. 

A developer was prepared by the use of the 
toner and a commercially available ferrite carrier 
having a particle size distribution of 150/250 mesh 
at a toner/carrier ratio of 4/96 and applied to a 
duplicating machine (Ricoh FT 4060). The obtained 
image was evaluated. 

A clear image free from fogging and scumming 
was obtained under an environmental condition of 
25 °C and 50 % humidity. 

The printing using the above developer was 
repeated 40,000 times. Good images were ob- 
tained until the last without any change in the 
quantity of charge. 



Comparative Example 1 " 

Eighty five parts of styrene, fifteen parts of 2- 
ethylhexyl acrylate, 2 parts of a charge controller (a 
product of Hodogaya Chemical Co., Ltd.; TRH), 8 
parts of carbon black (a product of Mitsubishi 
Chemical Industries, Ltd.; #44) and 2 parts of poly- 
ethylene wax (Mitsui Petrochemical Industries, Ltd.; 
21 OP) were mixed to obtain a mixture. 

500 parts of water and 1 part of polyvinyl 
alcohol were added to 100 parts of the mixture. 
The obtained mixture was homogenized by stirring 
at a high rate of 10,000 rpm with a homomixer (a 
product of Tokushu Kakoki Co., Ltd.; TK) to obtain 
a fine dispersion. This dispersing was transferred 
to a separable flask fitted with stirring blades to 
carry out the suspension polymerization at 60 °C 
for 9 hours. The polymerization mixture was 
washed with hot water of 50°C and dried to obtain 
a control toner. 

0.5 g of the toner was homogeneously dis- 
persed in a liquid mixture comprising 9.3 ml of an 
epoxy resin (Epoc 812) 4.0 ml of DDSA, 6.7 ml of 
MNA and 0.3 ml of DMP-30. The obtained disper- 
sion was allowed to stand at an ordinary tempera- 
ture for two days. 



The obtained toner-containing epoxy resin was 
cut into thin films having a thickness of several 
hundreds of A with a microtome (a product of 
Nissei Sangyo Co., Ltd.; MT2-B). This thin film 
5 sample was subjected to electron microscopy with 
an electron microscope of transmission type (a 
product of JEOL Ltd.) 

The obtained electron microscope photograph 
was analyzed with an image analyzer (a product of 
io Nippon Regulator, Co., Ltd.: LUZEX-500) for the 
disperse state of carbon black in the crosssection 
of the toner. 

The carbon black dispersed in the toner had a 
number-average particle size of 225 mu and a 
75 standard deviation of 74.1 mu>. 

A developer was prepared by the use of the 
toner and a commercially available ferrite carrier 
having a particle size distribution of 150/250 mesh 
at a toner/carrier ratio of 4/96 and applied to a 
20 duplicating machine (Ricoh FT4060). The obtained 
image was evaluated. 

An unclear and uneven image was obtained 
under an environmental condition of 25 °C and 50 
% humidity. 

25 The printing using the above developer was 

repeated ten thousand times. The charge of the 
toner was lowered, so that the quantity of the 
obtained image was also lowered. 

30 

Claims 

1. A toner composition which is particles sub- 
stantially in the spherical form and comprises a 

35 binder resin and carbon black having a number- 
average particle size of 20 to 500 millimicrons and 
a standard deviation of particle size distribution of 
70 millimicrons or smaller. 

2. A toner composition as claimed in Claim 1 r 
40 which has a softening point of 106 to 160°c and a 

glass transition point of 50 to 80°c. 

3. A toner composition as claimed in Claim 1 , 
in which the carbon black has a standard deviation 
of particle size distribution of 50 millimicrons or 

45 smaller. 

4. A toner composition as claimed in Claim 1 , 
in which the carbon black has a standard deviation 
of particle size distribution of 30 millimicrons or 
smaller. 

so 5. A process for preparing a toner composition 

which is particles substantially in the spherical form 
and comprises a binder resin and carbon black 
having a number-average particle size of 20 to 500 
millimicrons and a standard deviation of particle 

55 size distribution of 70 millimicrons or smaller, 
which comprises the steps of dispersing carbon 
black, a polymerization initiator, a charge controller 
and one or both of a hydrophobic dispersant and a 
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binder resin in a monomer having a polymerizable 
unsaturation to obtain the oily phase, adding the 
resulting oily phase into water containing a disper- 
sion stabilizer to obtain a dispersion, agitating the 
dispersion with so higtr a rate as to have very fine 5 
particle of the oil phase, polymerizing the disper- 
sion and recovering the obtained toner particles. 
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© A toner composition is particles substantially in 
the spherical form and comprises a binder resin and 
carbon black having a number-average particle size 
of 20 to 500 millimicrons and a standard deviation of 
particle size distribution of 70 millimicrons or small- 
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